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2.1. Representative wind regimes 
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
)LJ3HUIRUPDQFHRIWXUELQHVDWWKHVLWH6, )LJ3HUIRUPDQFHRIWKHWXUELQHVDWWKHVLWH
6,,
)LJ3HUIRUPDQFHRIWKHWXUELQHVDWWKH
VLWH6,,,

)LJ1RUPDOL]HG(QHUJ\2XWSXWRIWKH
WXUELQHVDWWKHVLWH6,
)LJ1RUPDOL]HG(QHUJ\2XWSXWRIWKH
WXUELQHVDWWKHVLWH6,,
)LJ1RUPDOL]HG(QHUJ\2XWSXWRIWKH
WXUELQHVDWWKHVLWH6,,,
5HVXOWVDQG'LVFXVVLRQ
3.1. Validating the models  
7KHSRZHUDQGHQHUJ\PRGHOVGLVFXVVHGDERYHKDYHEHHQYDOLGDWHGZLWKWKHDFWXDOPHDVXUHPHQWVIURPDN:
ZLQGWXUELQH7KHWXUELQHKDVDFXWLQZLQGVSHHGRIPVDQGDWUDWHGZLQGVSHHGRIPV7KHYHORFLW\SRZHU
SURSRUWLRQDOLW\IRUWKLVWXUELQHLV2XWSXWRIWKHZLQGWXUELQHDWGLIIHUHQWZLQGYHORFLWLHVDUHUHFRUGHGDQGXVHG
IRUWKHYDOLGDWLRQRIWKHSRZHUPRGHO&RPSDULVRQVEHWZHHQWKHPRGHOHGDQGREVHUYHGSRZHUVDUHVKRZQLQ)LJ
$V H[SHFWHG WKH LQVWDQWDQHRXV YHORFLW\SRZHU REVHUYDWLRQV VKRZ D VFDWWHUHG SDWWHUQ 1HYHUWKHOHVV WKH PRGHO
HVWLPDWHVFRXOGFOHDUO\EULQJRXWWKHWUHQGLQWKHYHORFLW\SRZHUFKDUDFWHULVWLFVRIWKHWXUELQH7KH506(DQG1506(
EHWZHHQWKHREVHUYHGDQGPRGHOHGSRZHUZHUHDQGUHVSHFWLYHO\
)RUYDOLGDWLQJWKHHQHUJ\PRGHORXWSXWGDWDIURPWKHWXUELQHZDVPHDVXUHGIRUGXUDWLRQRIKRXUVHDFKIRUGD\V
$ORQJZLWKWKHHQHUJ\RXWSXWIURPWKHWXUELQHRQHDFKGD\ZLQGYHORFLW\DWWKHWXUELQHKXEKHLJKWZDVUHFRUGHGDW
DQ LQWHUYDO RI PLQ WR FKDUDFWHUL]H LWV VWUHQJWK DQG GLVWULEXWLRQ  7KH UHVXOWV DUH VKRZQ LQ)LJ  LQZKLFK WKH
YDULDWLRQVLQWKHDFWXDORXWSXWIURPWKHPRGHOHVWLPDWLRQVDUHGLVSOD\HG506(DQG1560(EHWZHHQWKHREVHUYHG
DQGHVWLPDWHGHQHUJ\RYHUWKHSHULRGDUHIRXQGWREHDQGUHVSHFWLYHO\7KHVHLQGLFDWHWKHDFFHSWDELOLW\RI
ERWKWKHSRZHUDQGHQHUJ\PRGHOVIRUIXUWKHUDQDO\VLV
3.2. Performance of the turbines at the sites   
7KHHQHUJ\RXWSXWH[SHFWHGIURPWKHZLQGWXUELQHVDWWKHORZZLQGVSHHGVLWHVZHUHVLPXODWHG5HVXOWVDUH
VKRZQLQ)LJV±,QJHQHUDOWKHWXUELQHVGHVLJQHGIRUORZZLQGVSHHGFRQGLWLRQVVKRZHGEHWWHU&DSDFLW\)DFWRUV
XQGHUWKHVLPXODWLRQ)RUH[DPSOHWKHHVWLPDWHG&)IRUWKHWXUELQH7DUHDQGDWVLWHV6,6,,DQG6
,,,UHVSHFWLYHO\7KLVLVIROORZHGE\WKHSHUIRUPDQFHVRI7DQG7
7KHKLJKHU&)VKRZQE\WKHVHORZZLQGVSHHGWXUELQHVDWWKHVHVLWHVFDQPDLQO\EHDWWULEXWHGWRWKHLUELJJHUURWRU
VL]HVZKLFKDUHQRWSURSRUWLRQDWHWRWKHUDWHGSRZHURIWKHJHQHUDWRUVWKH\DUHFRXSOHGZLWK)RUH[DPSOHFRPSDUHG
WR7WXUELQH7KDVDURWRUZKLFKLVWLPHVODUJHULQDUHDZKHUHDVWKHJHQHUDWRUUDWLQJVDUHDSSUR[LPDWHO\WKH
VDPH7KHELJJHUURWRUVHQDEOHWKHVHWXUELQHVWRFDSWXUHPRUHZLQGDQGWKHUHE\GHYHORSHQRXJKWRUTXHWRGULYHWKH
JHQHUDWRUVHYHQDWORZHUZLQGVSHHGV
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7KHKLJKHU&)LPSOLHVEHWWHUDVVXUDQFHLQJHWWLQJH[SHFWHGHQHUJ\RXWSXWIURPWKHV\VWHPZKLFKLVREYLRXVO\DQ
DGYDQWDJH+RZHYHUHQODUJLQJWKHVL]HRIWKHURWRUQRQSURSRUWLRQDOWRWKHJHQHUDWRUUDWLQJPD\OHDGWRVRPHµVLGH
HIIHFWV¶)RUH[DPSOHWKHEODGHVFRQWULEXWHDSSUR[LPDWHO\SHUFHQWRIWKHWRWDOFRVWRIDZLQGWXUELQHDQGKHQFH
ZLWK WKH LQFUHDVHGEODGH VL]H WKH V\VWHPFRVWZLOO DOVREH VFDOHGXS)XUWKHUPRUH WKHPHFKDQLFDO DQG VWUXFWXUDO
FRPSRQHQWVDUHUHTXLUHGWREHPDGHVWURQJHUWRZLWKVWDQGWKHDGGLWLRQDOORDGUHVXOWLQJIURPWKHH[WUDURWRUVL]H7KLV
DJDLQZLOODGGWRWKHFRVWRIWKHWXUELQH
7KH1RUPDOL]HG(QHUJ\ IRU WKH WXUELQHVDW WKH VLWHV LV VKRZQ LQ)LJV±&RPSDULQJ WKH WXUELQHV WKH
1RUPDOL]HG(QHUJ\LVIRXQGWREHWKHKLJKHVWIRUWXUELQH7LQDOOWKHWKUHHVLWHV7KLVWXUELQHZDVIRXQGWRSURGXFH
N:KN:KDQGN:KSHUXQLWURWRUDUHDDWVLWHV6,6,,DQG6,,,UHVSHFWLYHO\7KLVLQGLFDWHVWKDW
LQVSLWHRIEHLQJDKLJKZLQGFODVVGHVLJQZLWKVPDOOHUURWRU7ZRXOGSHUIRUPZHOOXQGHUORZZLQGFRQGLWLRQVDV
ZHOO7KHPDMRUUHDVRQIRUWKHLPSUHVVLYHSHUIRUPDQFHRIWKLVWXUELQHLVLWVORZFXWLQYHORFLW\DQGEHWWHUSRZHU
UHVSRQVHIURPFXWLQWRUDWHGYHORFLWLHVZKLFKLVVSHFLILFDOO\DGYDQWDJHRXVZKLOHRSHUDWLQJXQGHUORZZLQGVSHHG
FRQGLWLRQV,WVGLUHFWGULYHPHFKDQLVPDQGLQQRYDWLYHJHQHUDWRUGHVLJQKDYHDOVRFRQWULEXWHGWRWKHRYHUDOOV\VWHP
SHUIRUPDQFH7XUELQH7DOVRVKRZHGJRRGSHUIRUPDQFHDWWKHVLWHVXQGHUFRQVLGHUDWLRQ
&RQFOXVLRQ
7KH SHUIRUPDQFHV RI VHYHQ FRPPHUFLDO ZLQG WXUELQHV XQGHU ORZ YHORFLW\ ZLQG UHJLPHV ZHUH VLPXODWHG DQG
FRPSDUHG LQ WKLV VWXG\7KUHH UHSUHVHQWDWLYH ORZZLQG VSHHG VLWHVZHUHFKRVHQ IRU WKLV DQDO\VLV DQGFRPSDULVRQ
&DSDFLW\)DFWRUDQG1RUPDOL]HG(QHUJ\ZHUHWDNHQDVWKHSHUIRUPDQFHLQGLFHV7KHQHZJHQHUDWLRQµORZZLQGVSHHG¶
WXUELQHVZLWKODUJHUURWRUFRXSOHGZLWKDUHODWLYHO\VPDOOHUJHQHUDWRUVKRZHGKLJKHU&DSDFLW\)DFWRULQWKHFDQGLGDWH
VLWHV$VWKH&DSDFLW\)DFWRULVELDVHGWRWKHJHQHUDWRU¶VUDWHGVL]HWKLVLVZHOOH[SHFWHG,WVKRXOGEHQRWHGWKDWDV
WKHFRVWRIWKHURWRUDFFRXQWVIRUDVLJQLILFDQWSRUWLRQRIWKHWRWDOWXUELQHFRVWWKHORZZLQGVSHHGV\VWHPVZLWKELJJHU
URWRUZRXOGREYLRXVO\FRVWKLJKHUSHUXQLWUDWHGVL]H2QWKHRWKHUKDQGDQQXDOHQHUJ\RXWSXWIURPWKHVHV\VWHPV
SHUXQLWDUHDRIWKHURWRUZDVIRXQGORZHUWKDQWKHFRQYHQWLRQDOGHVLJQVOLNHWXUELQH7+HQFHFKRRVLQJZLQGWXUELQHV
IRUORZZLQGVSHHGVLWHVPHUHO\EDVHGRQEHWWHU&DSDFLW\)DFWRUFRXOGEHPLVOHDGLQJ ,QVWHDGDPRUHHODERUDWH
DQDO\VLVEDVHGRQOHYHOL]HGFRVWRIHQHUJ\ZRXOGEHUHTXLUHGIRUVXFKGHFLVLRQPDNLQJ
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